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groups are pulled in and lipid tail order is disturbed will be discussed in relation
to the extent by which these model TMDs promote fusion and induce lipid flip.
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The autotransporters are a family of bacterial outer membrane proteins that are
characterised by three functional domains: an N-terminal signal sequence,
a central passenger domain, and a C-terminal transmembrane b-barrel domain.
Using molecular dynamics simulations we explore the structural dynamics and
membrane interactions of the b-barrel domains from six autotransporters:
BrkA, NalP, EspP, EstA, Hia and Hbp. The b-barrel domain has been proposed
to aid in the translocation of the passenger domain across the outer membrane.
Extended timescale simulations are performed to investigate the flexibility of
the b-barrel domains from the six autotransporters in lipid bilayers designed
to capture the complexity of the bacterial outer membrane. We propose a model
of the missing pore a-helix from the crystal structure of the Bordetella pertussis
autotransporter, BrkA, and we explore the dynamics of the ubiquitous hydro-
phobic cavity that is required for translocation of the passenger domain. Fur-
thermore, we explore the structure-function relationship of EstA from
Pseudomonas aeruginosa by simulating the translocator domain and the asso-
ciated passenger domain. Thus our simulations provide unprecedented details
regarding the membrane interactions and dynamics of the autotransporter pro-
teins we have studied.
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Anionic phosphotidylinositol 4,5-bisphosphate (PIP2) occupies only 2~3% of
the phospholipids in the inner leaflet of the plasma membrane, but partici-
pates in numerous cellular processes. Concentrated pools of PIP2 on the
membrane surface appear to be the source for such PIP2-involved cellular
processes, and recent experimental observations indicate that a ‘‘protein
fence’’ prevents PIP2 from diffusing out of the pool. Here the necessary prop-
erties of the protein fence are examined using Langevin dynamics simulation
with effective potential maps. PIP2 molecules are modeled as explicitly dif-
fusing spheres, and the rest of the system represented by steric and electro-
static potentials. Simple models of charged or porous rods, as well as rigid
proteins are considered. Retardation by electrostatic forces from a rod is
only significant when the charges are highly concentrated and close to the dif-
fusion plane; charge densities and geometries of proteins are insufficient to
effectively block diffusion. Hence, fencing appears to be dominated by steric
effects, though even a small (> 1%) opening in a porous rod in contact with
the surface results in substantial leakage. The three protein fence candidates,
actin, human septin, and yeast septin, are known to self-assemble into fila-
ments on the cell surface and to interact with PIP2. Simulations reveal that
actin is a poor fence for all depths and orientations simulated because its
arch-type shape leaves passageways for diffusion. In contrast, the septins ef-
fectively block PIP2 diffusion when buried in the membrane to 10~15 A˚ from
the lipid surface. Free energy calculations using an implicit membrane model
support the possibility of burial of septins at these depths. It is also possible
that the septins are not buried as deeply, but associate with other proteins or
peptides to make a fence.
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Membrane proteins represent an important class of proteins with a variety of
biological functions and a major fundamental and pharmaceutical interest.
The protein-conducting channel translocon is responsible for protein-
membrane integration. Despite significant progress it is unknown how mem-
brane proteins achieve different topologies. Experimental studies suggest that
the location of the positive charges on the signal peptide may influence its ori-
entation (so-called ‘‘positive-inside’’ rule). In addition the topology of the
membrane proteins may be affected by the prl (protein localization) mutations
on the translocon.
In this study we tried to estimate the barrier for the polypeptide insertion into
the translocon using our renormalization approach (1). In this approach the in-sertion dynamics is first simulated with coarse grain model (2) where the whole
insertion profile is divided on intermediate states and the time dependence re-
sponse of each step is obtained. The second step involves the simulation with an
implicit Langevin Dynamics (LD) model of reduced dimensions. By adjusting
the friction and the barrier of the implicit LD model we can get the agreement
between the time dependence responses of both models. By combining the bar-
riers from different intermediate steps we can get the barrier for the whole in-
sertion process.
The renormalization approach allowed us to compare the barriers for different
signal peptides, as well as to study the effect of mutations of the translocon on
the orientation of the signal peptide.
(1) Kamerlin et al., Annual Reviews, 2010.
(2) Rychkova et al., PNAS, 2010.
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Bacterial outer membrane proteins have robust beta-barrel structures. There-
fore, they are targeted for engineering biological nanopores as stochastic bio-
sensing elements. We used membrane protein engineering and single-channel
electrical recordings to explore the ferric hydroxamate uptake component A
(FhuA) as a target for redesigning membrane proteins. FhuA is a monomeric
22-stranded beta-barrel protein from the outer membrane of Escherichia coli.
FhuA has a lumen with cross section of 3.1 X 4.4 nm that is filled by a globular
N-terminal cork domain. We investigated various redesigned FhuA proteins,
which had either single, double, or multiple deletions of the large extracellular
loops and the cork domain. Analysis of the electrical signatures of these initial
exploratory redesigned FhuA proteins led to the identification of four large ex-
tracellular loops that partially occlude the lumen when the cork domain is re-
moved. Accordingly, we removed the cork along with the extracellular
loops, FhuA delta C/delta 4L, resulting in the deletion of almost one third of
the total number of amino acids of the wild-type FhuA protein. Remarkably,
the newly redesigned protein forms an open pore in planar lipid bilayers,
with a measured unitary conductance of ~4.8 nanosiemens in 1 M KCl at pH
7.4, a value that has not been recorded previously with other engineered
FhuA protein channels. We show several advantages and prospects of using
such an engineered outer membrane protein in fundamental studies of mem-
brane protein folding and design, and the mechanisms of ion conductance
and gating. Further, FhuA delta C/delta 4L can be a platform for customized
engineering in applicative areas of single-molecule sensing and analysis of pro-
teins, nucleic acids and their ensembles.
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G protein-coupled receptors (GPCRs) are prominent pharmaceutical targets
due to their prevalence in the human genome. Membrane proteins such as
GPCRs have been historically difficult to characterize by crystallographic
methods, severely limiting development of therapeutical applications. A
commonly used in vitro method for studying GPCRs is detergent solubiliza-
tion, which can retain protein activity but affects thermodynamics and con-
formational flexibility. We used molecular dynamics (MD) to simulate the
canonical GPCR rhodopsin in micelles containing the detergent DDM or
CHAPS. The Meta I 4 Meta II activation mechanism of rhodopsin is
forward-shifted in a DDM micellar system [1], whereas it is back-shifted
when solubilized in CHAPS. Previous MD simulations of rhodopsin could
not reach Meta II due to the long timescale required (ms); in addition crystal
structures of the activated state have been lacking [2-4]. However, detergents
such as DDM accelerate Meta II kinetics to the s timescale [1], making it
possible to reach the Meta II state in a DDM micelle. Using the recently
published crystal structure of a putative Meta II state [5], we are able to
show how the forward- and back-shifting of the Meta I 4 Meta II equilib-
rium takes place in DDM and CHAPS detergent environments, respectively.
These results provide important structural insights into rhodopsin activation,
which can be extended to other GPCRs in a membrane mimetic environ-
ment, such as the A2A adenosine receptor. We have introduced a powerful
Wednesday, February 29, 2012 625atool which allows us to examine crystallization effects and isolate GPCR
activated states.
[1] S. Ja¨ger et al. (1997) Biochemistry 36:1999.
[2] K. Martı´nez-Mayorga et al. (2006) JACS 128:16502.
[3] P.-W. Lau et al. (2007) JMB 372:906.
[4] T. Huber et al. (2004) Biophys. J. 86:2078.
[5] H.-W. Choe et al. (2011) Nature 471:651.
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We have studied the properties of a sponge phase made of pentaethylene glycol
monododecyl ether, a non-ionic surfactant, water (or alternatively a buffer), and
a co-surfactant among a choice of four detergents widely used with membrane
proteins. The phase was characterized by cross-polarized electron microscopy,
diffusion of a fluorescent probe (fluorescence recovery after pattern phto-
bleaching), freeze fracture electron microscopy, and small angle x-ray and neu-
tron scattering, and partial phase diagrams were created.
This phase offers several advantages for membrane protein studies; the distance
between unsupported bilayers can be tuned easily, the phase is non-viscous and
hence easy to handle; it is isotropic and thus amenable to optical studies as well
as for crystallization assays. Additionaly, we have demonstrated that several
transmembrane proteins retain their structure and activity inside the phase.
To demonstrate our approach we have studied the interaction between trans-
membrane proteins from a Pseudomonas aeruginosa efflux pump; MexA-
MexB-OprM. By measuring their lateral diffusion we were able to determine
the mode of interaction, the size of the protein complex and its stoichiometry.
We have shown that MexA is embedded in the bilayer; that MexA and OprM do
not interact laterally but form a complex if they are inserted in opposite bilayers
and that the population of bound proteins is at its maximum for bilayers sepa-
rated by a distance of ~ 200 A˚, which is the expected periplasmic thickness for
gram-negative bacteria.
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The question of how membrane curvature (MC) is involved in generating and
maintaining spatial organization and activity of cells is increasingly being ad-
dressed. MC is regulated in part by peripheral membrane proteins, such as those
that contain BAR domains and amphiphatic membrane-binding helices. How-
ever, the mechanisms underlying membrane curvature sensing and generation
(MC S&G) currently are not fully understood. Based on recently published find-
ings, we hypothesize that intra-molecular auto-inhibition modulate MC S&G in
BAR domain containing proteins. Specifically, we here focus on the N-BAR
domain containing protein endophilin, which is known to be involved in both
clathrin-dependent and clathrin independent endocytotic pathways. Endophilin
interacts with dynamin and synaptojanin via a C-terminal SH3 domain.
To evaluate auto-inhibition in influencing MC S&G of endophilin, we compare
the consequences of the binding of two different proline rich peptides to the
endophilin SH3 domains. We found that these two peptides increase endophilin
membrane binding affinity to differing degrees that also were dependent on
membrane composition. Furthermore, we observed that the more effective pep-
tide released both binding affinity and curvature sensing capability, while the
other peptide merely liberated endophilin membrane binding affinity. Finally,
we propose a molecular interaction model to interpret these phenomena.
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In Escherichia coli, folding and insertion of outer membrane proteins (OMPs) is
facilitated by the b-barrel assembly machinery (BAM), composed of the integral
protein BamA and the four lipoproteins BamB, BamC, BamA and BamE. BamA
consists of a transmembrane b-barrel and a soluble periplasmic domain (PD-
BamA), comprised of five polypeptide transport-associated (POTRA) domains.
Although it is known that PD-BamA is necessary for the activity of the BAM-
complex, its mechanism is not understood. To examine whether PD-BamA pro-motes folding and insertion of OMPs into lipid membranes, we expressed and
isolated it from E. coli. The secondary structure of PD-BamA was determined
byCDspectroscopy to36%a-helix, 15%b-strand, 20%b-turns, and 29%random
coil. For OMP folding experiments, we isolated outer membrane protein A
(OmpA) from E. coli in unfolded form in urea-solution. To investigate the effect
of PD-BamA on the kinetics of OmpA folding into the model membranes
different sets of experiments were performed. In parallel experiments, in the
absence and presence of PD-BamA, the dependence of OmpA foldingwas exam-
ined by gel electrophoresis as described [1]. The effects of temperature, lipid
composition, and lipid concentration on PD-BamA function were investigated.
PD-BamAwas found to promote folding of OmpA into lipid bilayers when phos-
phatidylglycerol (PG) was present in the membrane. No effect on the folding of
OmpA could be observed in the absence of PG. Fluorescence spectroscopy
showed that PD-BamA binds to lipid bilayers, but only when these contain PG.
The kinetics of OmpA folding, determined at various PD-BamA/OmpA ratios,
indicated a 1:1 stoichiometry of the interactionofPD-BamAandunfoldedOmpA.
[1] Kleinschmidt, J.H. (2003) Cell. Mol. Life Sci. 60, 1547-1558.
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Apoptosis is an essential process for the development of all multi-cellular or-
ganisms, and Bcl-2 family proteins critically regulate most pathways of apopto-
sis at the level of mitochondria. Bid is a pro-apoptotic member of the Bcl-2
family proteins that regulates the integrity of the Mitochondrial Outer Mem-
brane (MOM) by activating other Bcl-2 family members. Upon induction of ap-
optosis, Bid is cleaved and the active fragment, tBid binds to the MOM to
potently induce cell death. However, the mechanism by which the two cleaved
fragments of Bid separate to form tBid is contentious, and so is the nature of the
interactions between tBid and other Bcl-2 family members.
We have developed an in vitro fluorescent assay system to elucidate the mech-
anism of activation of tBid using recombinant proteins and either isolated mi-
tochondria or biomimetic liposomes. Single cysteine mutants of Bid were
created, and labelled with an environment sensitive fluorescent thiol-reactive
dye to study the individual steps of tBid binding to the MOM and its interac-
tions with pro- and anti-apoptotic proteins.
We propose a mechanism by which cleaved Bid first binds to the MOM, the two
cleaved fragments separate and then tBid undergoes a conformational change at
the membrane to achieve its active form. Once active at the MOM, tBid adopts
further distinct conformations when interacting with either Bax or Bcl-XL. The
relative ratio of different conformers of tBid at the MOM is manipulated by the
dynamic interactions between different Bcl-2 binding partners.
These results offer a broad but simple model for the activation mechanism of
tBid. It is possible that additional interactions of tBid with binding partners
in a cell can further add to this model. Our results suggest that conformational
changes of tBid at the MOM modulate specific apoptotic functions.
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Pulmonary surfactant is a specialized lipid-protein complex, which essential
function is to stabilize the gas exchange surface of the respiratory epithelium
against physical forces tending to its collapse. Hydrophobic surfactant proteins
SP-B and SP-C are critical to promote very rapid adsorption of phospholipids
into the interface and to stabilize the surface active film along the compression-
expansion respiratory cycles. Mature SP-B is a homodimeric protein of approx-
imately 18kDa (two 79 amino-acid polypeptides), while SP-C is an apparently
monomeric lipopeptide of 35 residues (3.7kDa).
To date, the classical method to extract and purify these proteins from surfac-
tant membranes involves the use of organic solvents. This method can disrupt
native supramolecular protein complexes. We have optimized the purification
of surfactant membrane proteins upon solubilization of surfactant membranes
by the zwitterionic detergent CHAPS. Different fractions have been purified
from the solubilised material by gradient centrifugation and exclusion-size
chromatography, showing the presence of two types of protein complexes in
terms of size and density, heterogeneously composed of different oligomeric
states of surfactant proteins.
An ionic-exchange chromatography of solubilized surfactant yielded a fraction
of cationic protein complexes consisting mainly of surfactant protein SP-B.
